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A devastating epidemic of rabbit pox has been reported in a previofls 
paper  of  this  series  (1).  In  that  report,  particular  attention  was 
devoted to an analysis of evidence concerning the health and functional 
efficiency of the colony during the period preceding the epidemic as 
factors of epidemiological significance. 
The composition of populations is of equal interest from an epidemi- 
ological point of view.  Tests  of susceptibility to infection may be 
carried  out  under  controlled experimental  conditions,  and  a  great 
deal of valuable information has been obtained in this way.  In the 
present instance, however, an excellent opportunity was offered for a 
study of differences in susceptibility to natural infection on the one 
hand, and of the epidemiological significance of populations on the 
other, by the spontaneous occurrence of an epidemic in a population 
composed of known elements.  The object of the present paper is to 
report the results of a study of this kind based largely on an analysis 
of mortality data with respect to age, sex, race, genetic constitution 
and physiological status. 
Composition of Population 
In previous  papers,  reference has been made to the fact that the colony was 
organized for the study of problems in constitution and that at the time of the 
epidemic  it was  composed of pure bred and hybrid stocks  representative  of a 
number of standard breeds  and crosses of various  kinds.  Detailed  descriptions 
and classifications of animals cannot be given, but as this paper is concerned with 
the differential response of various elements of the population to an epidemic in- 
fection, certain  information  concerning the population is essential to an interpre- 
tation of the results  obtained. 
Classification.--For  present  purposes,: the  population of the colony may be 
divided into three main groups designated as pure bred, hybrid and factor stocks. 
305 306  RABBIT POX.  IV 
This classification is based on racial and genetic considerations, and the divisions 
are overlapping to the extent that the factor stocks contained both pure bred and 
hybrid animals. 
The pure bred lines represented the basic elements of the population.  These 
were selected originally with a view to building up a population composed of repre- 
sentative types, including animals of diverse and of related racial origins.  With 
few exceptions,  the foundation stocks were apparently strong and vigorous ani- 
mals and conformed to standard specifications for the respective breeds.  As the 
work with these animals progressed, it had been necessary to eliminate most of 
the larger breeds or so called giant types on account of a  lack of space for the 
proper accommodation of such animals, so that at the time of the epidemic, the 
colony contained stocks of 15 pure breeds, all of standard weight classes with the 
exception of a few Belgians which were of the so called heavy weight class.  Most 
of the Belgians were, however, of the standard class. 
In general, hybrid and factor stocks were developed from pure bred parents by 
a process of selective breeding for the purpose of separating and fixing characters 
which were of interest from the point of view of problems in constitution.  These 
included both physical and functional variations, some of which were apparently 
harmless  while  others  were  invariably  lethal  when  pure  and  produced  definite 
functional disorders even in heterozygous individuals.  The group designated as 
hybrids included all animals of mixed breed.  Some of these had been tested and 
were known  to  transmit  certain  constitutional  abnormalities,  others  were  not 
transmitters,  and still others were untested or insufficiently tested to permit of a 
more accurate classification.  The factor stocks included known transmitters  of 
constitutional  abnormalities,  whether pure bred or hybrid, but only those con- 
cerned with functional disorders  are of interest  in the present  connection. 
It should also be pointed out that while certain genetic peculiarities had been 
recognized and investigated to some extent, a complete survey of the colony had 
not been made and there were doubtless many other constitutional peculiarities 
which were unknown. 
Pure Breeds.--The pure bred stocks were represented by the following standard 
breeds:  American Blue, Belgian Hare, Blue Beveren, Chinchilla, Dutch, English, 
Havana, Himalayan, Lilac, Sable and Silver Marten, Polish, Sable, French Silver 
or Argent~ de Champagne, Black and Tan and Blue and Tan, and Rex. 
Pure bred stocks are animals that have been bred for a number of generations 
from established lines in conformity with specifications laid down by representa- 
tive breeders and fanciers associations.  The purity, or homogeneity, of a  breed 
depends  largely upon its  origin,  the  age of the breed  and the modifications to 
which  it  has  been  subjected.  Some breeds  are,  therefore,  much  more  clearly 
defined and more homogeneous than  others. 
The characteristics of breeds are indicated in the so called standards of perfec- 
tion.  In general,  these include specifications as to size,  color, character of coat 
and physical conformation, with  emphasis on those  characters  which  are  most 
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coat are stressed; with the meat breeds, size and age of maturity are the important 
factors, while with  the  so  called fancy breeds,  type and  color marking are of 
foremost importance. 
Each of these points possesses some biological significance.  It is well to re- 
member, however, that a  coat of a  given color or character can be used to clothe 
an animal of any type and while.in some instances the coat is a  mark  of distinc- 
tion and serves as an indication of racial origin, in others it has no necessary signi- 
ficance.  For present purposes, the breeds listed above may be considered from 
the point of view of size and type relations on the one hand, and racial origins and 
integrity on the other. 
With respect to type, domestic rabbits may be divided into a long slender type 
and a short compact type with numerous intermediate forms and wide variations 
in size or weight classifications, as in man.  The Belgian Hare and the Dutch are 
typical of the two main classes, the one long and racy, the other short and cobby. 
These breeds are products of a period during which fancy furnished the prevailing 
ideals of perfection.  They were show types of animals and of the breeds men- 
tioned above, the English, Black and Tan, Himalayan and Polish are examples of 
animals in which the conceptions of type and color marking furnished the basic 
ideals  of  perfection.  The  Belgian,  English  and  Himalayan  form  a  series  of 
diminishing size and  raciness with  fair preservation of  the  slender type, while 
the Dutch, Black and Tan and Polish are animals of the compact type but all are 
of comparatively small size.  The Polish is the smallest of all rabbits and some 
strains are even more cobby than the Dutch.  In general, the fancy breeds have 
been bred true to  type and have been subjected to comparatively little experi- 
mental modification in recent years. 
Recently, utility has  dictated the lines of development of domestic rabbits. 
Extremes of type and the perpetuation of distinctive types have given place to 
the  more  conservative intermediate types  with  size  as  a  major  consideration. 
Meat and fur, or weight and coat, have been the dominant considerations in the 
development  and  perfection  of  breeds  in  recent  years.  Other  animals  listed 
above come under this general classification.  Most of them are of medium size, 
but  the American Blue and Blue Beveren might be described as large in com- 
parison  with  the  smaller  Chinchillas,  Havanas,  Sables,  Martens  and  Lilacs. 
The French Silver is intermediate and not a product of recent development.  From 
an epidemiological  point of view, the chief interest in these breeds is one of racial 
relations. 
Racial Origins  and Relations.--It  is unfortunate  that full and accurate infor- 
mation concerning the origin of domestic breeds of rabbits is not available.  Little 
is known concerning the older breeds and accounts differ, or are rather vague, as 
to the origin of some of the newer breeds.  In some instances, origins and rela- 
tions are traceable through distinctive features of coat color and character.  Thus, 
all chain spotted breeds are genetically related as are those with the Black and Tan 
pattern regardless of other differences (2). 
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the oldest; they have been bred for a  century or more.  Other long established 
breeds include the English, Dutch, Polish, Tans and Belgians, all of which have 
been bred for 50 years or more in accordance with well defined standards of perfec- 
tion.  The Beverens and Havanas appeared about 1898 and these were followed 
by the Chinchillas in 1913 and the American Blue in 1917.  The Sables, Martens, 
Lilacs and Rexes are of more recent development. 
The origin of the French Silver and the Himalayan is unknown and very little 
is known concerning the English and the Belgian.  It is reasonably certain, how- 
ever, that the Silver Gray, the oldest of all domestic rabbits, furnished the essential 
features of the English type, while the characteristic spotting was developed in 
some way from one of the common spotted breeds, probably the Belgian Land 
Kaninchen.  The  Belgian  Hare  was  derived from  one  of  the  heavier  Flemish 
breeds, but how it acquired its distinctive hare type and reddish brown color are 
still matters of conjecture.  The original assumption of an accidental cross with 
a  wild hare seems untenable.  The fact that  type and color have been greatly 
accentuated in the hands of modern breeders shows that selection has played an 
important part in the sorting out and development of the distinctive characteris- 
tics of this breed. 
The Dutch,  Polish, Tans and Havanas are racially related.  The Dutch was 
derived from the Brabangon, an animal with similar marking but less distinctive 
type.  According to  some  accounts,  PoLish  rabbits  have  been  produced  from 
several of the small breeds including Dutch,  Silver Grays and Himalayans, but 
the accepted type is evidently Dutch and it is probable that both were derived 
from a  common ancestor and that each has been used in the perfection of the 
other.  The Tans are said to have originated from an accidental cross between 
a Dutch and a wild rabbit with selective breeding of the progeny from this mating. 
The Havana had a similar origin from a mating between a mongrel Dutch marked 
doe and an unknown sire. 
Racially, the  original Blue  Beveren belonged to  the giant group  of rabbits. 
The first animals of this type appeared in a litter of St. Nicholas Giants in 1898. 
From these, both the Blue and White Beverens have been developed. 
The American Blue was developed by the deliberate crossing of a  number of 
blue strains and the selection of desirable types which were finally combined and 
bred toward present standards.  Racially, it is a  mongrel breed, but  has been 
developed into a  fairly distinct type with a  leaning toward the giant class. 
The  so  called Lilacs include animals of several origins.  They are all dilute 
brown and all of them are derived from an Havana ancestor and are, therefore, re- 
lated to the Dutch group on one side.  One variety known as the Gouda was ob- 
tained by the cross between the Havana and the Blue Beveren; others have been 
obtained by the crossing of other varieties of blue rabbits with the Havana.  The 
strains thus produced differ according to the origin of the blue parent and the 
direction of the selective breeding. 
The Chinchillas, Sables and Martens form another racial group.  The first of 
these was the' Chinchilla which is said to have been produced by the crossing of a HARRY  S.  N.  GREENE  309 
wild gray rabbit with a blue of unnamed breed and with the Himalayan and the 
subsequent interbreeding of the progeny of these crosses.  The Sables were ob- 
tained either as a result of continued breeding of Chinchillas carrying Himalayan 
albinism or by crossing Chinchillas with Himahyans and the breeding of these 
animals inter se.  The so cared Martens were obtained in like manner by the 
crossing of Chinchillas or Sables with Black and Tans.  Some Sables and Martens 
have been produced by the use of albinos other than the Himalayan.  This was 
true of one imported strain in our colony. 
All of the animals of this group, together with the Himalayan, are genetically 
members of the aibino series; all of them are racially related to the Himalayan 
and the Martens are related to the Tans. 
The Rex was the first of the short haired breeds.  Animals of this kind are said 
to have been noted in the fitters of common gray rabbits for many years, but the 
first effort to breed them as a distinct variety was made in France about 1919 and 
from these the present Rexes were developed.  It would appear that the Rex was 
of mongrel origin, but stocks of the original Gillet strain purchased by us from an 
importer showed unmistakable evidence of Bdgian and  Flemish ancestry with 
the Belgian character predominating. 
Racial Integrity.--With respect to racial integrity and homogeneity, little need 
be said concerning the older breeds.  Most of them have been brought to a  high 
state of perfection and their standards have changed very little over a long period 
of years.  They may, therefore, be regarded as distinct races.  There are prob- 
ably strain differences but apparently they are fairly homogeneous in respect to 
the  more distinctive racial characters.  This applies to  the  true Belgian Hare, 
Dutch,  English, Himalayan, Polish, Silver and Tan. 
The racial integrity of other breeds listed above is uncertain.  They are not 
only of recent origin but they have been subjected to repeated hybridization in an 
effort to develop a desired type and to improve certain characters.  Still, some of 
them  have  been  bred in  accordance with  rigid specifications for  a  number  of 
years, and whether we regard them as distinct races or merely as breeds, they 
probably possess some distinguishing characteristics. 
The Rex should be considered in a category by itself.  There are other geneti- 
cally distinct forms of short haired rabbits which  are not  to be confused with 
the Rex.  The  character of the coat distinguishes the Rex from other rabbits, 
but instead of perfecting a single breed, the rex character has been utilized in the 
creation of "rex" varieties of other breeds, so that at the present time Rex has 
no racial significance except in so far as the grafting of this coat on to other stocks 
may be shown  to have produced an effect of a  given character  (3). 
Our own stocks of Rex rabbits are open to the same criticism as it was impos- 
sible to maintain these animals in pure line from the original foundation stocks. 
Hybrid matings were made and from these rex coated animals were obtained and 
bred with as little outcrossing as possible and with a  view to maintaining a  type 
approximating that of the original stocks. 
Hybrid and Factor Stocks.--The hybrid and factor stocks need not be described 310  RABBIT  POX.  IV 
here.  Reference to the peculiarities of these animals will be made in the discus- 
sion of results. 
The age, breed and  sex distribution  of the population  are given in Table  I. 
The population  of the colony was divided into  two clearly defined age groups, 
the one composed of adults, the youngest of which was born during the previous 
spring and were, therefore, about 6 months old, and the other of young stock, the 
oldest of which was 9 weeks old at the beginning of the outbreak. 
Other information concerning the housing and  care of the  colony has  been 
given in previous papers. 
RESULTS 
Infection and Morbidity 
Observations on the facility with which infection occurred in differ- 
ent groups of animals and the variations in the severity of symptoms 
could  not be  systematically  recorded  during  the  epidemic.  It  was 
noted, however, that these varied with age, sex, breed and physiologi- 
cal status.  For example,  no  case of infection  was found before the 
5th  day of life and,  in  several instances,  direct  exposure during  the 
first 2 weeks did not result in the immediate development of disease. 
In one instance, the litter of a Belgian doe that had died of the disease 
was fostered with a doe nursing young of comparable age, and although 
the fostered young died shortly and at autopsy showed typical signs 
of the disease, the foster mother's own young remained in good health 
and were among the last in the colony to develop the infection.  It is 
possible, however, that the apparent resistance shown by some animals 
resulted from nursing an immune doe and bore no other relationship 
to age.  Animals between 3 and 9 weeks of age, on the other hand, 
were  particularly  susceptible  and  infection  spread  rapidly  through 
cages containing  litters of this age group. 
Adults were generally more resistant  but occasionally, a  lactating 
doe showed advanced  signs of the disease before the  earliest lesions 
could be detected  in  its  litter.  Pregnant  does were  also  easily in- 
fected.  Adult males were most resistant and generally withstood con- 
tagion longest. 
There were also marked variations in the severity of the disease.  In 
general, symptoms were most severe in young and debilitated animals 
and the disease ran a rapid course to a fatal termination.  Does under 
the strain  of  pregnancy  or  lactation  were  also  seriously  ill,  but  if HARRY  S.  N.  GREENE  311 
relieved,  usually  showed  rapid  improvement.  All  breeds  were not 
equally affected but showed pronounced individual differences in the 
frequency and  severity of constitutional  symptoms and,  in most in- 
stances, the mortality rates varied accordingly.  In certain breeds as 
the Himalayans, adult animals rarely showed constitutional symptoms 
and no deaths occurred while in others,  as the Belgian, infection  was 
followed by rapid collapse and death.  Among the Havanas, however, 
no  such  correlation  was found.  The  breed,  as a  whole,  was one  of 
the most seriously affected, but the mortality rate was not commen- 
surate, many animals recovering from a grade of illness measured by 
the extent and destructiveness of lesions on the one hand, and the con- 
sequent debility on the other,  which would have been fatal in other 
breeds. 
Gross Mortality 
The immediate reaction to the disease as indicated  by the ease with 
which infection  occurred  and  the  severity of symptoms was in  con- 
fortuity with the ultimate  outcome in all groups of animals with the 
exception noted above.  In  this  case,  however, as in  the others,  the 
outcome of infection is a  more accurate gauge of the reaction  of the 
animals  and  may  be used as  an index in  judging the  importance  of 
various constitutional factors in the determination of susceptibility or 
resistance. 
Mortality rates are summarized  in Table I.  Animals  that  died of 
causes other  than  pox or were killed  for various  reasons  during  the 
epidemic period  are  omitted  and  were not  considered  in  computing 
mortality rates.  Of the 1313 exposed animals, 610 died of rabbit pox, 
giving a  gross mortality  of 46.4 per cent. 
Age 
There  were  wide  variations  in  the  mortality  rates  of  animals  of 
different age groups which corresponded with the clinically observed 
variations in morbidity.  The mortality  among animals less than  14 
weeks old was 71.8 per cent and  14.7  per cent for those ranging from 
7 months to 4 years.  The relationship of the adult and young stock 
mortality rates throughout the epidemic is shown in Text-fig.  1.  The 
first  deaths  occurred  in  adults  and,  for  a  short  time,  outnumbered 312  RABBIT  POX.  IV 
those  in  young  animals.  The  number  of  deaths  in  young  stock in- 
creased rapidly with  spread of the infection and  the mortality  curve 
agrees in general trends with that of the total population.  The adult 
mortality rate, however, after a  slow rise continued at a  fairly uniform 
low  level,  gradually  declined  and  ceased  a  full  week  before  the  last 
death  occurred  in the young stock. 
TABLE  I 
Distribution of the Population and the Mortality Rates of Various Groups 
Breed 
Adults  Young 
No. of  No. of  No. of 
animals  deaths  animals 
Fe-  i 
Male  male  Male  Fe-  Male I Fe-  male  male 
]  1  3  1  1  4  3  Mnerican Blue 
Belgian Hare .....  ] I0  20  4  6  18  17 
Blue Beveren.  8  20  I  4  16  I0 
~'hinehil~..,  5  8  2  1  4  3 
Outch.  .112  17  o  ~  IS  is 
English.  .I 11  30  0  2  3  3 
[-limalayan  ....  9  16  0  0  12  4 
Havana.  12  32  2  6  21  23 
Lilac  ........  2  2  0  0  3  1 
~iarten.  .  3  8  0  0  1  2 
Polish ........  S  8  1  2  4  10 
Rex  ....  II  16  3  5  6  12 
~able..  7  14  0  24  5 
French Silver.  6  6  3  0  0  0 
ran.  8  6  2  1  0  0 
Hybrids  ....  98  170  9  21  0  0 
Total  208  376  28  58  350  379 
Mortality 
No.  of 
deaths 
Adults  Young 
Fe- 
Male male 
per cent  per cent 
2  2  50.0  57.1 
17  16  33.3  94.3 
10  7  17.8  65.4 
3  2  23.0  71.4 
14  14  24.1  84.8 
2  2  4.8  66.6 
9  2  0  68.7 
18  18  18.1  81.8 
0  0  0  0 
1  2  0  100.0 
2  6  23.0  57.1 
4  9  29.5  72.2 
2  2  9.5  44.4 
0  0  25.0  0 
0  0  21.4  0 
0  0  11.2  0 
257  267  14.7  71.8 
The mortality rate also varied in different age week groups of young stock as 
is shown in Table II.  No deaths occurred before the 5th day of life and among 
animals 1 week old the mortality was Iow.  The rate increased rapidly with age 
up to the 4th week and was highest among animals 4 to 9 weeks old.  Thereafter, 
it fell with equal rapidity and reached a  low point in animals of 13  weeks.  No 
deaths occurred in animals 14 weeks old, an age which was not represented until 
near the close of the epidemic. 
The mortality among animals in the various age groups showed considerable HARRY  S.  N.  GREENE  313 
variation at different periods of the epidemic, but generally increased during the 
course of the epidemic and, in most  cases, reached a  maximum during the  5th 
week.  During the  1st epidemic week, the colony contained young stock of all 
ages from 1 day to 9 weeks, and deaths occurred in all age groups except those of 
the  1st and 2nd weeks with a  maximum mortality per cent in animals 9 weeks 
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TEXT-FIG.  1.  Comparison of young and adult stock mortality. 
TABLE  II 
Mortality Per Cent in Age Groups of Young Stock 
I  Days 
1-7  8-14  5-21 22-28 29-35! 36-42 43-49150-5{ 57--63 64-70 71-77 78-84 85-~ 
No. of animals...  46952~  569  531  566  684  655  574  440  343  75  209  13 
Pox deaths ......  3  27  53  66  69  67  91  60  44  27  12  4  1 
~Iortality, p~ce~ .... 0.635.1  9.312.412.2  9.813.9!10.510.0  7.9  4.4  1.90.7 
old.  Litters continued to be born until the end of the 4th epidemic week, and 
although every week up to the 5th contained representatives of the  1 week age 
group, the only deaths occurred during the 3rd epidemic week.  Among animals 
more than 1 week old, there were deaths representative of every age period during 
the 2nd, 3rd, and 4th epidemic weeks and in the 5th week there were deaths in all 314  RABBIT  POX.  IV 
age periods except in the group 13 weeks old which was present for the first time. 
The highest mortality rate during the 2nd, 3rd and 5th weeks occurred in animals 
7 weeks old and during the 4th week in animals 4 weeks old.  In the 6th epidemic 
week  there were no deaths in animals under 5 or over 12 weeks of age and the 
mortality was highest  in  the  8  weeks old group.  Only three deaths  occurred 
in the final epidemic week, one each in the 7, 11 and 13 week age groups. 
It is important to note in this connection that the active period of infection 
in young animals was rarely longer than 3 or 4 days; in the great majority of cases, 
infection  and  death  occurred in  the  same week of age,  so  that  the  mortality 
rate bf an age week group is representative of the susceptibility of animals of that 
age. 
Thus, while the most pronounced differences in susceptibility occurred between 
young and adult stock, there were also marked variations between the different 
age groups of young animals, and especial significance is attached to the fact that 
the most susceptible age varied with the epidemic phase, and an age group com- 
paratively resistant  during one stage was more susceptible during  another and 
vice versa.  In general, a fatal termination was most common when the infection 
was contracted during the 7th week of life, but during the primary and terminal 
stages of the epidemic, an older group proved to be more susceptible while during 
the 4th week when the death rate of the entire population was greatest, the highest 
susceptibility occurred in much younger animals or among animals which at the 
beginning  of the  epidemic and  during  the  terminal stages were comparatively 
resistant. 
Sex 
There were 208 males and 376 females among the adult animals that 
contracted  the  disease  and  the  mortality rates of these  groups were 
13.4 per cent and 15.4 per cent respectively.  An analysis of the female 
population  showed,  however,  that  a  large  number were pregnant  or 
lactating  during  the  epidemic,  and  this  apparently  contributed  to 
their higher susceptibility,  for a  comparison of the mortality rates of 
resting animals of both sexes resulted in no significant difference. 
There were pregnant, lactating and resting females in the colony.  As a rule, 
the infection of a  pregnant doe resulted in abortion.  In other cases,  lactation 
followed pregnancy and eventually, with destruction or weaning of the litter, the 
doe returned to a  resting condition.  In many instances, death occurred during 
the  transition  from one of these states to  another,  and it was not  possible to 
determine accurately the effects of each on the final outcome of infection.  How- 
ever, an indication of the influence  of physiological  status on susceptibility may 
be obtained by a comparison of mortality rates for females which, because of the 
duration of pregnancy, lactation or rest could be considered  as having acquired HARRY  S. N.  GREENE  315 
the  reactions  of these  various  states.  Thus,  it was found  that  there  was no 
difference between the mortality  rates  of resting and pregnant  does, the usual 
sequence among pregnant does having been abortion, improvement and recovery, 
but that an increased liability to fatal termination was associated with lactation, 
the mortality rate of lactating animals being increased to 16.5 per cent and prob- 
ably would have been higher if lactation  had not been terminated  in many in- 
stances by weaning or death of the litter. 
Among the young animals of the colony, the mortality  varied from 70.4 per 
cent in females to 73.4 per cent in males, but inasmuch as the majority of rabbits 
do not reach sexual maturity until near the end of the 4th month of life, or even 
later, this difference probably resulted from age period variations or other factors 
rather than the influence of sex. 
Breed 
Pure Breeds.--During  the course of the epidemic, it was observed 
that  animals  of different breed showed wide variations  in  the  char- 
acter and severity of their reaction to infection.  This was substan- 
tiated by an analysis of the mortality of pure bred stocks and of hy- 
brids,  but  the  position  of  the  various  breeds  in  a  mortality  scale 
differed depending  on the age group  used for comparison.  For this 
reason, young and adult animals were considered separately in Table 
I  which shows the number in each breed and the respective mortality 
rates. 
The susceptibility relations of the various breeds are shown graphi- 
cally in Text-fig.  2.  The significance of the relative position of the 
American Blues and Lilacs is uncertain inasmuch as these breeds con- 
tained only four animals  each, but all other breeds were sufficiently 
represented to allow a  determination  of relative susceptibility or re- 
sistance. 
Inspection of this graph suggests a three point division of mortality 
rates.  The  American Blue, Belgian and Rex form a group in which 
the mortality was exceedingly high while the Sables, English,  Lilacs, 
Martens and Himalayans showed a  correspondingly  low mortality. 
Other breeds were intermediate  and  showed graded differences from 
the  Silver in which the death rate Was only slightly lower than  that 
of the Rex to the Havana and  Beveren in which  the mortality was 
distinctly lower but was still much  higher  than  that  of  the  lowest 
group. 
In comparing mortality rates, it is important to note that in adults 316  RABBIT  POX.  IV 
the distribution  of the lesions characteristic  of the disease varied in 
different breeds.  Among the most susceptible breeds, as the Belgian, 
cutaneous lesions were comparatively infrequent while visceral lesions 
were widespread.  On the other hand,  the resistant breeds generally 
showed a  more extensive cutaneous involvement with comparatively 
few visceral lesions.  In the Himalayan and other breeds in which no 
deaths occurred, cutaneous papules were atypical,  small and usually 
could  be  found  only  after  a  most  extensive  search,  while  visceral 
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lesions were rare even in animals killed at the height of the disease. 
The Havanas as a  whole showed a  more or less equal cutaneous and 
visceral  distribution;  the  visceral  lesions  were less marked  than  in 
the more susceptible breeds, so that animals with severe constitutional 
symptoms frequently recovered and the death rate was intermediate. 
In general,  a  widespread occurrence of visceral lesions resulted in an 
acutely fatal  termination  while a  cutaneous distribution  or localiza- 
tion  was associated with  a  mild or protracted  course of disease fol- HARRY  S.  N.  GREENE  317 
lowed by recovery, and the susceptibility of the different breeds varied 
with the proportion of cutaneous and visceral involvement. 
Although a number of breeds occupied comparable positions in the 
young stock mortality, in most instances the susceptibility relations 
of young and  adult animals were  entirely dissimilar.  The French 
Silver and Black and Tans contained no young stock, but a compari- 
son of the mortality rates of the breeds that were adequately repre- 
sented indicated that the factors responsible for breed variation in 
adult animals either had not reached full expression in  the young 
stock or were dominated by age factors. 
Hybrids.--The adult hybrid stock consisted of 268 animals and was 
divisible into two main groups.  One of these, designated as inbred 
albinos, was a mongrel stock of uncertain composition but shown by 
breeding tests to have been derived in part from a Dutch-Polish cross. 
These animals had been closely inbred since 1918.  The second group 
of hybrids was composed mainly of first and second generation crosses 
from pure bred parents, but also contained a  number of animals de- 
rived from the inbred albino group by crossing with pure bred stocks. 
The mortality rate of the combined adult, hybrid population was 
11.2 per cent which.was significantly lower than the mortality among 
pure bred animals of corresponding age.  The inbred albino family 
showed a slightly higher rate of 15 per cent while the group of animals 
derived from matlngs of these with pure breeds showed a  much re- 
duced rate  with variations within the  group  corresponding to  the 
susceptibility relations of the breed used.  The only adult F~ repre- 
sentatives of these outcrosses present in the colony during the epi- 
demic were the progeny of the Albino-Himalayan matings and the 
mortality of this group (24.3 per cent) was considerably higher than 
that of the F1 animals.  For the most part, however, these animals 
represented a  group which had been selected or bred for the study 
of certain physical and functional disorders which they were known 
to transmit. 
The first hybrid generation from pure bred parents numbered 133 
adult animals and showed a  mortality rate of 6.7 per cent.  There 
were, however, wide variations in susceptibility depending upon the 
parent breeds.  Table III shows a classification of the first generation 
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susceptible if the mortality rate of the breed is greater than 17.8 per 
cent,  the  average  mortality  of  pure  bred  animals,  and  relatively 
resistant if the rate is less than this figure.  The mortality rates of 
all the various groups thus formed fell into the division designated 
as resistant, but the group of hybrids obtained from the crossing of 
susceptible breeds showed a  significantly higher death rate than the 
group resulting from the mating of susceptible with resistant breeds. 
Moreover,  there  were no  deaths  among  the  animals  derived  from 
hybrid matings within the resistant division of breeds. 
Parent-Progeny Relations 
A further analysis of adult mortality data was made on the basis of a 
parent-progeny test.  For  this purpose,  breed  was  disregarded and 
TABLE  III 
Mortality Rates in Various Groups of Hybrids Based on the Breed Susceptibility of 
Their Parents 
Pure breeds  Hybrid offspring 
Matings classified according to susceptibility oi  No. of animals  No. of deaths  Mortality 
parents' breed 
per cent 
S  X  S* ..................................  73  7  9.5 
S  X  Rt ..................................  47  2  4.2 
RXR  ..................................  13  0  0 
* S = susceptible. 
t R  -  resistant. 
those animals whose parents contracted the disease were divided into 
three groups according to the outcome of the infection as  shown in 
Table IV.  The highest mortality occurred in the group in which both 
parents died and the lowest in the group in which both recovered. 
The group of animals in which both parents died is too small to be 
of definite significance as a measure of susceptibility to pox, but the 
difference between the other groups shows clearly a relation between 
parent and progeny comparable with the relation brought out between 
hybrids and the pure breeds from which they were derived. 
An examination of breeding records showed that the small number 
of animals in Group  1 was not due to a lack of matings of this class HARRY  S.  N.  GREENE  319 
but  to  the  fact  that  the  progeny  of  such  matings  failed  to  reach 
maturity and that losses during early life from various causes tended 
to operate in the same general direction as the observed susceptibility 
to pox infection. 
TABLE  IV 
Relation of Mortality  Rates in Adult Progeny and Fate of Parents 
Fate of parents 
Both died 
One died 
One recovered 
Both recovered 
No. of animals 
Offspring 
4 
37 
110 
No. of deaths  Mortality 
per cent 
25.0 
13.5 
8.1 
TABLE  V 
Relation  of Mortality  Rates in Adult Progeny to Breed Susceptibility  and Fate of 
Parents 
No. of progeny  No. of deaths 
Classification of parents 
Both of S breed 
One of S breed 
One of Rbreed 
Both ofRbreed 
Total  .... 
m  oo  m 
4  35  47  86 
0  2  22  24 
0  0  41  41 
4  37  110  151 
0 
oo  m 
i  5  6 
0  2 
i 
i  5  9 
Mortality 
per  per  per  per 
cen~  cenl  cent  ce~t 
12  25.0 14.2 12.7 13.9 
2  0  9.0  8.3 
1  2.4  2.4 
15  25.013.5  8.1  9.9 
In order to test this relation still further, parents and progeny were 
classified  with  respect  to  the  susceptibility  of  the  parent  breed  as 
indicated  above, and of the parents  themselves.  The results of this 
analysis  are  given  in  Table  V.  This  table  shows  first,  the  fate  of 320  RABB~  POX.  IV 
animals when both parents were of a susceptible breed and both died 
or when one died and the other survived and when both survived; 
second, corresponding results for animals derived from parents one 
of which was of a susceptible breed and the other of a resistant breed, 
and third, the fate of animals derived from parents both of which 
came from resistant breeds. 
In some of the groups formed by this detailed classification, there 
were no adult progeny in the colony or parents had been discarded 
previous to the epidemic, while in others representative animals were 
present in small numbers only.  The significance of the reaction to 
infection shown by some of these groups is doubtful if measured sta- 
tistically,  but  the  trend  of  variation  is  in  agreement with  results 
obtained and may be considered as indicative of probable differences 
that would have occurred had larger groups been available.  In brief, 
the results show that  the death rate of adult animals derived from 
resistant parents of resistant breeds was 2.4 per cent, while the corre- 
sponding rate for the progeny of susceptible parents from susceptible 
breeds was 25.0 per cent. 
DISCUSSION  AND  CONCLUSIONS 
One of the most striking features of the epidemic of rabbit pox re- 
ported in this series of papers was the variation in the severity of the 
disease shown by  animals of different age, breed  and physiological 
status.  Other variations in severity were apparently dependent on 
the epidemic phase in which infection occurred and, as was pointed 
out in a previous paper, were probably due to changes in the general 
resistance  of  the  population  and  in  the  virulence of  the  infecting 
organism. 
The mortality rate of 71.8 per cent in young animals as compared 
with 14.7 per cent in adults gives a clear indication of the importance 
of physiological processes associated with growth and maturity.  The 
significance of factors of this kind is further emphasized by the varia- 
tions in susceptibility shown by young animals of different age groups. 
For example, the highest mortality occurred between the ages of 4 
and 9 weeks.  During this period, in the course of events, young rab- 
bits begin an independent existence.  Weaning, however, is a gradual 
process, and for a variable period the eating of grain and other food HARRY  S.  N.  GREENE  321 
is  supplemented by  nursing.  In  some instances  this  is  continued 
into the 3rd month, but in the majority of cases weaning is completed 
by the end of the 8th week.  Before the 4th week, when young ani- 
mals were physiologically adapted to a dependent existence, and after 
the 9th week when the majority were self-sustaining, the mortality 
was low.  During the period of transition, however, while the pro- 
found changes were taking place which would enable an independent 
existence, and the physiology of the animals was in an unstable or 
imbalanced  state,  the mortality was  highest. 
During the height of the epidemic, the severity of the disease was 
markedly increased and the infection and disability of does often led 
to  a  shortened nursing period and, in  other instances, litters  were 
forcibly weaned as a measure of protection for the mother.  During 
this period, the influence of early weaning is indicated by the shift 
of the most susceptible age from an older group during the early and 
terminal stages of the epidemic to much younger animals. 
These findings are in complete agreement with the well known high 
mortality among rabbits of this age group from various causes and 
from gastro-intesfinal disorders in particular.  It may be concluded, 
therefore, that the non-specific resistance which is a natural attribute 
of healthy animals depends in part on a  stable and balanced physio- 
lo~cal condition.  In the imbalanced state of adaptation to an inde- 
pendent existence, resistance is low and  susceptibility to  disease is 
correspondingly high.  The increased susceptibility to disease at this 
age is manifest normally by a  rise in the death rate from gastro-in- 
testlnal infections and in the present instance, this peculiarity of age 
probably  accounted for  the  increased mortality  among animals of 
this group.  This period of increased susceptibility to disease in the 
rabbit suggests an analogy with the apparent increase in susceptibility 
to infection among infants which occurs around the 9th or 10th month 
(4). 
Further evidence of the influence of physiological status is seen in 
the occurrence of severe and disabling infections and a higher mortality 
among lactating does than in other classes of adult animals. 
Sex of itself apparently exercised a minor influence on susceptibility. 
In young animals there was no clearly defined difference between the 
sexes, but among adults it appeared that the tax imposed on females 322  gnBBIT POX.  IV 
by reproductive activity diminished their chances of survival to an 
appreciable extent as compared with males and other classes of females. 
Breed variations in susceptibility are of especial interest.  Among 
young animals, the factor of age appeared to overshadow all other dis- 
tinctions but in adults, breed as represented by this population proved 
to be a factor of the foremost importance. 
The question arises as to whether breed differences were referable 
to racial distinctions or to other peculiarities and relations.  Disre- 
garding the American Blue, it is interesting to note that in the high 
mortality bracket (Text-fig. 2) there are two breeds, the Belgian and 
the Rex, which in this instance was racially related to the Belgian and 
so far as is known, was the only relative of the Belgian in the pure bred 
population.  In  the middle bracket we  find  every member of  the 
Dutch group; these include the Dutch, Polish, Tan and Havana, in 
the order given, which is the approximate order of racial relation.  In 
like manner, the Himalayan group, with the exception of the Chin- 
chilla, is concentrated in the lowest bracket. 
Race may, therefore, be regarded as a factor of considerable impor- 
tance, but such conformity  in the behavior of racial groups was hardly 
to be expected in view of the fact that some breeds might possess con- 
flicting racial tendencies or a lack of homogeneity  due to recent crosses 
which had been made in the process of perfection.  But it seems that 
in some instances, even these crosses may have played a part in deter- 
mining the scale of relative susceptibility within the group.  Thus the 
Sable and the Marten are racially and genetically more closely related 
to the Himalayan than is the Chinchilla.  The Sable of this stock is 
the product of a  Chinchilla-Himalayan cross and occupies a position 
intermediate between the two, while the Marten comes from a Tan- 
Sable  cross and goes into a still lower class. 
As was pointed out above, the animals of this group are genetically 
members of the  albino  series;  Sables  and  Martens are  Chinchillas. 
The distinctive feature in the coat of the Chinchilla proper is produced 
by the agouti or wild type factor; this factor has been displaced in the 
Sable with the production of a uniform color while in the Marten, the 
agouti factor is replaced by factors for Black and Tan pattern.  More- 
over,  the  Chinchillas of this stock were homozygous for Chinchilla 
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and Martens were heterozygous and carried Himalayan albinism as a 
recessive character.  The significance of the agouti factor in the Chin- 
chilla is by no means certain, but it is of interest to note that the only 
other animals which possessed this factor were the Belgians and the 
Rexes. 
There is a suggestion of a similar relation among animals that were 
genetically  brown  as  distinguished  from  the  alternative  of  black. 
Brown breeds were represented by the Havana and Lilac, but in this 
particular instance, a brown cross had been introduced at some time 
to brighten the coat of the Beverens and most of the stock still carried 
brown as a recessive character.  The rating of the Lilac is uncertain, 
but the only other breeds that carried brown were the Havanas and 
Beverens and these gave an almost identical result, despite the exist- 
ence of other marked differences. 
While there is very little information concerning the physiological 
significance of genetic factors affecting the color and character of the 
coat, it is well to remember that these factors do influence physiologi- 
cal activity in so far as the coat is concerned and that they may affect 
physiological functions in other ways.  For example, the factor for 
yellow is lethal in mice and there are numerous instances in which 
peculiarities of function or pathological conditions appear to be asso- 
ciated with particular color genes in other animals.  Hence, it may be 
that particular combinations of color genes exercise an appreciable in- 
fluence on susceptibility to disease.  The peculiarities in the response 
of certain groups of rabbits, as pointed out above, would suggest this 
possibility, and factors of this order may play a part in determining 
racial characteristics. 
The question now arises as to why one racial group should be more 
or less resistant than another.  In the present state of knowledge con- 
cerning the value of given racial and genetic characters, this question 
cannot be answered satisfactorily, but some information is available 
which undoubtedly has a  bearing on  this problem.  This has been 
obtained mainly by genetic studies aimed in the first instance at  a 
separation of essential radal characters from variations which have 
been incorporated in the stock by chance association, and a determina- 
tion of the influence of these characters. 
Examination of the results recorded in Text-fig. 2 gives very little 324  RABBIT  POX.  IV 
indication as to the cause for such wide variations in susceptibility 
among pure breeds.  There is, however, some evidence to show that, 
other conditions being equal, the smaller animals and animals of a 
linear type are more resistant than the larger, more compact types, 
but clearly this is not the main consideration in the present instance. 
The larger animals as a dass are toward the top, but the Blue Beveren 
is well down the scale and the smallest of all, the Polish, occupies a 
mid-position.  Again, the English and Himalayan, as representatives 
of the slender type, are definitely among the most resistant breeds, 
but the Belgian, the raciest of all, is at the top of the list.  It is evident, 
therefore, that while racial characters of this order may have a value 
in  determining or  indicating susceptibility,  their  influence may  be 
completely overshadowed by other factors. 
The analysis of results obtained in hybrids throws some light on this 
subject.  The reaction of the hybrid population as a whole indicated 
that heterozygosity favored general resistance to  the disease.  The 
converse, that homozygosity favored susceptibility, was suggested by 
the reaction of the Himalayan-Albino hybrids which were relatively 
resistant in their first generation, but highly susceptible in their second. 
However, the variation in the susceptibility of different hybrid groups 
showed that the characteristics of parent breeds were transmitted to 
the offspring in the manner of definite hereditary factors.  Thus, hy- 
brids derived from the crossing of susceptible breeds were found to be 
more susceptible than those obtained from crossing susceptible and 
resistant breeds, while the hybrids resulting from the crossing of re- 
sistant breeds showed no mortality.  The reaction of the group de- 
rived from the crossing of susceptible and resistant breeds (Table III) 
showed, however, that while the breed factors determining the sus- 
ceptibility of one parent may be inherited as recessive characters, they 
are not completely dominated by those concerned in determining the 
reaction of the other parent breed but exert an appreciable influence on 
the susceptibility of the progeny. 
Disregarding breeds  and  reducing the  analysis  to  the  basis  of  a 
parent-progeny test, the influence of inheritance was still perceptible. 
It thus appears that factors other than those characteristic of a breed, 
or separable from distinctive racial characters, played an important 
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bred and hybrid stocks.  The nature of these factors is a  matter of 
considerable importance. 
As was pointed out above, some pure bred and hybrid stocks were 
known to carry mutant genes capable of the production of more or less 
serious disorders.  There is evidence for and against the assumption 
that factors of this class may have contributed largely to the suscepti- 
bility of certain groups of animals.  An analysis of the Belgian popu- 
lation furnishes an excellent example of the possible influence of genetic 
¢onstitution on susceptibility to disease. 
The Belgian population contained some excellent specimens of the 
Belgian Hare,  but few, if any,  animals which genetically could be 
regarded as  normal.  The Belgians  carried  a  number of  definitely 
lethal  factors which  were transmitted from parent  to  offspring as 
recessive characters with an appreciable alteration in the functional 
capacity of heterozygous individuals.  The precise number and char- 
acter of these abnormalities is  unknown, but  there was one group 
which affected nutritional  capacity with respect to vitamin metab- 
olism; another which was associated with abnormalities of the hema- 
topoetic system; and still others which produced a variety of abnor- 
malities too numerous to mention (5).  No group of animals in the 
colony was known to carry so many detrimental characters.  More- 
over, the death rate among these animals from all causes, including 
young and old, was exceedingly high.  They were highly susceptible 
to  snuffles and  to pneumonia which was  the  chief cause  of  death 
among animals past the weaning age.  They had also been found to 
be susceptible to mouse typhoid in epidemic form and in this instance, 
pneumonia was a constant finding in fatal cases. 
The high mortality from pox was not unexpected and the disease 
invariably pursued an acute course with the development of pneu- 
monia in fatal cases.  With the exception of two females, the survivors 
were animals which were not in the direct line of transmission of the 
lethal factors referred to and neither of these carried the  complete 
series  of  lethal  factors.  The  survivors were  mainly heavy weight 
animals of uncertain lineage.  That is, every pure bred animal in the 
colony that was a carrier of the two principal lethal factors died of pox; 
one hybrid female of this type survived.  One male of this line, which 
was not in the colony at the time, escaped exposure and infection as 
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This might appear to be a dear case of unusually high susceptibility 
dependent  upon  the  concentration  of  unfavorable  genetic  factors. 
But, it is not certain that this was the case as the disease pursued 
essentially the same course in animals which, so far as tests had gone, 
were not transmitters of this particular group of lethal factors; they 
were, however, transmitters of other functional disorders.  What these 
animals possessed in common with others of the group is not known, 
but it appears that these characters, together with known genetic fac- 
tors contributed largely to the reaction of this breed to pox infection. 
The  Rex,  Dutch  and  Polish were  also  carriers  of factors,  char- 
acterized  by  disturbances  of  endocrine  function,  which  produced 
lethal effects in young animals and caused more or less disturbance of 
physiological processes  in  heterozygous adults  (6,  7).  Among the 
Dutch and Polish stocks, however, there were striking examples of 
animals known to be transmitters of the lethal genes and to have 
developed the characteristic symptoms of the hereditary affection in 
early life, which not only survived the epidemic, but developed un- 
usually mild infections.  This was not true of the Rex population 
which reacted in much the same way as the Belgians. 
There is little definite information concerning the Silver members 
of the population.  Along with the Belgians and the Rex, they were 
the most difficult animals in the colony to raise and maintain in good 
physical  condition.  They  were  highly  susceptible  to  snuflfles and 
other infection;  they  were  transmitters of  several  physical  abnor- 
malities and the litters  contained a  large proportion of poorly de- 
veloped and non-viable young concerning which no definite informa- 
tion has been obtained.  The stock might be described, therefore, as 
containing degenerate  characters  of  unknown nature.  These may 
have operated to lower the resistance to pox infection as in the case 
of the Belgians and Rex. 
Other  carriers  of unfavorable genetic factors were  the Beverens, 
English and Martens.  The affections known to be transmitted by 
these breeds were highly fatal in young animals; adult Beverens trans- 
mitting these characters were also affected at times, but in the English 
and Martens the disturbance of function appeared to be limited to 
young animals.  There were deaths among the Beverens from gastro- 
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early stages of the epidemic, and these may have eliminated the most 
susceptible members of the population, but barring an  assumption 
of this kind, there is no evidence that the mortality from pox among 
the Beverens was affected at all by genetic factors of the kind men- 
tioned and there was certainly no effect on the English and Martens. 
Other breeds were not known to be transmitters of serious functional 
disorders.  Several of them were transmitters of physical abnormali- 
ties, some of which were more or less  disabling but did not appear 
to affect the vitality of the stock in other respects. 
From what has been said concerning heritable characters, including 
those of known and unknown nature, it will be seen that most of the 
so called factor stocks, or transmitters of serious functional disorders, 
are in the upper brackets of the susceptibility rating  (Text-fig. 2); 
analysis of hybrid susceptibility showed that the closest relation existed 
between parent and progeny and that the characters which affected 
susceptibility  were  inherited  subject  to  modification  through  the 
action of other influences. 
In general, therefore, the evidence obtained indicates that in the 
adult population, susceptibility of groups and individuals to pox in- 
fection was a function of racial factors on the one hand, and of genetic 
factors separable from those characteristic of given races on the other. 
Factors which are detrimental  in themselves  usually tended to diminish 
resistance, but this was not invariably the case.  If their action is 
such that the detrimental effects are limited to a given period of life, 
it appears that the subsequent effect of such factors may be favorable 
rather than unfavorable.  Factors of the  two groups  are inherited 
independently and the final expression of susceptibility or resistance is 
a  result of their interaction. 
In the previous paper of this series, it was shown that the occurrence 
of the epidemic was intimately related to the action of environmental 
factors which produced a profound disturbance in the health and func- 
tional efficiency of the population during the period preceding the 
epidemic outbreak.  We now find that the severity of the epidemic 
was definitely influenced by the composition of the population with 
respect to such constitutional factors as age and race and the distribu- 
tion of genetic factors of various kinds.  Factors which tend to pro- 
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function in homozygous individuals with an appreciable effect on the 
functional efficiency of transmitters, were usually associated with low 
resistance to pox infection in pure bred and hybrid stocks.  Factors 
of this order undoubtedly contributed to the production of the differ- 
ences in susceptibility displayed by different racial groups and may 
have been largely responsible for these differences.  But, there is some 
evidence to show that other factors, such as those which determine the 
color and character of the coat, may also exercise an influence on physi- 
ological processes and thus play a  part in the reaction to infection. 
Hence, while it has been definitely established that susceptibility to 
pox infection in adults is a  function of racial characters on the one 
hand, and of factors separable from the racial complex on the other, 
the relative value of the two groups of factors, individually and col- 
lectively, cannot be  estimated until they have been  separated  and 
tested  under appropriate  experimental conditions.  Moreover,  it  is 
not to be inferred that susceptibility to infection as presented in this 
instance implies a common or pan-susceptibility to infection or disease 
of all kinds.  This is definitely not the case as has been shown by 
experiments carried out in this laboratory,  using some of the same 
racial groups upon which this study is based (8, 9). 
In conclusion, it may be said that the results obtained from the 
study of the epidemic of rabbit pox reported in this and previous papers 
furnish a striking example of the epidemiological  importance of factors 
affecting the population, other than those concerned with the presence 
of an infecting organism and the specific immunity of the population. 
The importance of these two elements is well recognized, but on the 
basis of the present investigation, the factors to be emphasized are first, 
environmental factors which affected the population as a  whole and 
second, constitutional factors which rendered individuals more or less 
responsive to the action of environment.  Age proved to be a factor 
of the foremost importance, sex was of less significance, and in the 
adult population, race and constitutional factors associated with par- 
ticular racial groups but inherited independently, exercised a profound 
influence on susceptibility.  In the final analysis, therefore, the out- 
come of infection and the character of the epidemic may be regarded 
as  functions of  constitutional factors acting under the influence of 
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SUMMARY 
The epidemiological significance of age, race, sex, genetic constitu- 
tion and physiological status were studied by means of a differential 
analysis of the mortality data derived from a devastating epidemic of 
rabbit pox and, with the exception of sex, were found to be factors of 
the utmost importance in the determination of susceptibility. 
Young animals were more susceptible than adults and although the 
most susceptible age varied with the epidemic phase, it corresponded in 
general with the period of weaning.  The influence of physiological 
status was further indicated by the increased susceptibility incident to 
lactation. 
Racial variations in susceptibility were obscured by age factors in 
young animals, but were of profound importance in the adult popula- 
tion and formed the most significant feature of the analysis.  A high 
degree of conformity was found in the susceptibility of racially related 
breeds, and this similarity in behavior increased with the proximity of 
relationship.  Moreover, a  study of the hybrids obtained from the 
crossing of pure breeds showed that two separable groups of hereditary 
factors were concerned in the determination of breed susceptibility, 
one group consisting of essential racial characters, the other of consti- 
tutional factors incorporated in the stock by chance association, and 
that the final expression of susceptibility or resistance was the result 
of their combined interaction. 
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